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Report  No.  527 

USAMRL  Project  No.  6X95-25-001-02 

ABSTRACT 

ACOUSTIC  REFLEX  RESPONSE  TO  HIGH  INTENSITIES  OF 
IMPULSE  NOISE  AND  TO  NOISE  AND  CLICK  STIMULI 

OBJECT 


,s 


To  evaluate  acoustic  reflen  (AR)  response  to  high  intensity  im  -  V 

pulse  noise  and  to  determine  the  relative  effectiveness  of  clicks  a^d 
noise  AR  eliciting  stimuli  at  two  different  sensation  levels  (SL;.  u 

h 

RESULTS 

The  AR  was  found  to  operate  at  high  intensity  levels  in  a  manner  .'j 

similar  to  that  observed  previously  at  lower  levels.  No  difference  in  'n 

effectiveness  was  noted  between  clicks  and  noise  as  AR  eliciting  stimuli,  p 

nor  was  any  difference  found  between  the  two  SLs  of  the  stimuli  that  H 

were  studied.  The  only  significance  in  main  effects  was  that  between  ' 
the  AR  and  I.  o  AR  conditions.  \'l 


CONCLUSIONS 

The  AR  operates  in  essentially  *^he  same  manner  at  high  as  at  low 
SPLs.  For  the  exposure  used,  there  is  apparently  no  difference  in  the 
click  and  noise  AR  eliciting  stimuli  nor  in  different  SLs  of  stimuli.  It 
is  believed  that  more  exposure  might  have  enabled  better  discrimination 
of  the  relative  effectiveness  of  such  stimuli. 
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APPROVED: 


ACOUSTIC  REFLEX  RESPONSE  TO  HIGH  INTENSITIES  OF 
IMPULSE  NOISE  AND  TO  NOISE  AND  CLICK  STIMULI 

I.  INTRODUCTION 

Previous  research  regarding  the  protective  aspects  of  acoustic 
reflex  (AR)  action  has  been  primarily  concerned  with  moderate  levels 
of  impulse  stimuli  (1, 2).  It  is  possible  that  AR  action  could  be  differ¬ 
ent  at  levels  higher  than  the  moderate  levels  used  in  previous  experi¬ 
ments.  It  is  suggested  by  B^^sy  (3,  pg.  97)  and  Mjiller  (4)  that  the 
ossicular  chain  vibrational  mode  changes  with  intensity,  at  L-.ast  for 
low  frequency  stimuli.  Theref're,  the  higher  sound  pressure  levels 
might  rotate  the  ossicular  chain  out  of  its  usual  mode  of  operation, 
thereby  changing  the  effect  of  the  tensor  tympani  and  stapedius  con¬ 
tractions  upon  the  transmission  of  sound  to  the  inner  ear.  Similarly, 
at  higher  levels  of  stimulation  the  AR  might  possibly  respond  different¬ 
ly  to  reflex  eliciting  stimuli  than  it  does  at  lower  levels. 

II.  METHOD 

In  order  to  test  the  above  possibilitiec,  the  following  experiment 
was  designed;  each  subject  was  exposed  five  times  to  160  and  170  db 
sound  pressure  level  (SPL)  impulse  noise.  In  one  session  at  each  in¬ 
tensity  there  was  no  AR  protection,  in  a  second  there  was  a  train  of 
clicks  at  105  db  sensation  level  (SL)  or  120  db  SL  switched  on  150 
msec  prior  to  each  impulse  to  elicit  the  AR  and  in  the  third  a  noise 
stimulus  at  105  or  120  db  SL  was  similarly  presented  before  the  im¬ 
pulse  to  arouse  the  AR. 

The  high  intensity  impulse  signal  was  generated  by  a  device  called 
the  photoformer  (5).  This  experimentally  developed  device  permits  the 
precise  generation  and  re’/iication,  at  almost  any  desired  rate,  of  im¬ 
pulse  sounds  that  can  be  p^eciselv  controlled  for  rise  time,  duration, 
intensity,  and  spectrum.  A  block  di.agram  of  the  equipment  used  in 
this  experiment  is  presented  in  Figure  1. 

The  click  stimuli  were  generated  by  a  Tektronix  Pulse  Generator, 
M'xiel  16.  Pre-  and  post-exposure  audiograms  were  obtained  using  a 
Grason-Stadler  Model  E-800  Audiometer.  In  addition,  the  masking  out¬ 
put  of  the  audiometer  was  used  as  the  noise  stimulus.  The  impulse 
stimuli  were  programmed  by  a  Gerbrands  Tape  Programmer  and  pre¬ 
sented  at  a  rate  of  4  0  impulses  per  minute.  The  transducer  used  was 
the  same  one  used  by  Ball  (5). 
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Thresholds  for  the  noise  and  click  were  determined  for  each  sub¬ 
ject  and  a  reference  voltage  across  the  earphone  noted,  then  105  or  12C 
db  attenuation  was  removed  from  the  system  to  reflect  the  proper  SL. 

Each  subject  was  given  sufficient  training  in  the  use  of  the  B^^sy 
technique  of  audiometry  to  assure  reliable  thresholds  prior  to  collection 
of  any  data.  Upon  completion  of  training  in  the  use  of  the  B^^sy,  the 
subjects  were  exposed  (no  more  than  once  per  day)  for  increasingly 
longer  periods  of  time  to  170  db,  then  160  db  SPL  impulses  until  a 
measurable  temporary  threshold  shift  (TTS)  had  been  induced.  Thus, 
a  control  (no  AR)  condition  duration  was  arrived  at  slowly  in  order  to 
avoid  inducing  any  permanent  threshold  shifts. 

Once  the  exposure  time  for  a  given  level  of  stimtilation  was  deter¬ 
mined,  the  subject  was  exposed  to  the  other  four  experimental  condi¬ 
tions  at  two  different  SPLs  in  a  counterbalanced  order. 

All  testing  was  conducted  in  a  sound  tr  ;ated  room  with  an  ambient 
sound  level  of  about  4  5  db.  In  a  typical  experimental  session  a  sweep 
frequency  pre- exposure  B^dsy  audiogranr  (3000  -  8000  cps)  was  taken. 
The  headset  was  then  removed  and  the  special  transducer  used  for  the 
high  intensity  impulse  signals  was  placed  on  the  subject's  head.  The 
p.roper  SPL  was  set  for  the  reflex  eliciting  sound,  the  appropriate 
duration  of  exposure  was  set  on  the  timer,  and  the  exposure  was  begun. 
As  soon  as  the  timer  terminated  the  exposure,  the  impulse  noise  trans¬ 
ducer  was  removed,  the  BAtfsy  headset  put  on,  and  the  post-exposure 
threshold  taken.  Elapsed  time  from  termination  of  exposure  to  beginning 
of  threshold  testing  averaged  about  10  sec.  The  pre-  and  post-exposure 
thresholds  were  then  compared  to  determine  the  effects  of  exposure  to 
the  given  experimental  condition. 

Of  the  15  subjects  used  in  ihis  experiment,  13  were  Tufts  Univer¬ 
sity  students  or  staff,  two  were  USAMRL  staff  members.  There  were 
nine  females  and  six  males,  with  ages  from  17  to  36.  There  was  no 
screening  for  hearing  deficit.  No  subject  was  exposed  more  than  once 
per  day. 

Duration  of  exposure  varied  from  subject  to  subject,  i.  e. ,  some 
subjects  required  longer  unprotected  exposure  to  the  impulse  noise  to 
induce  a  measurable  TTS  than  did  others.  Additional  exposure  was  not 
given  if  tne  subject  had  a  TTS  of  5  db  or  more.  The  actual  exposure 
times  ranged  from  18-35  min. 


m.  RESULTS 


The  raw  data  (TTS  differences  between  the  various  experimental 
conditions)  were  submitted  to  a  complex  analysis  of  vauriance.  This 
was  for  two  intensities  (170  and  l60  db  SPL),  'ive  experimental  condi* 
tions  (no  AR,  and  105  and  IZO  db  SPL  reflex  eliciting  click  and  noise 
stimuli),  five  test  frequencies  (3000,  4000,  5000,  6000,  and  8000  cps), 
and  1 5  subjects. 

Results  of  the  analysis  are  shown  in  Table  1.  Of  the  main  effects. 
Conditions  and  Subjects  were  the  only  ones  to  achieve  statistical  sig¬ 
nificance,  and  of  those  two  we  are  really  concerned  only  with  Conditions. 

TABLE  1 

Analysis  of  Variance  of  the  Intensities  by 

Conditions  x  Frequencies  x  Subjects'  Data  (2x5x5x15) 

'j 


Intensities  (I) 

1 

745.  87 

NS 

Conditions  (C) 

4 

3502.  09 

14. 95** 

Frequencies  (F) 

4 

24.  80 

NS 

Subjects  (S) 

14 

1135.  27 

8.  78 

IxC 

4 

185.  87 

NS 

I  X  F 

4 

35.  80 

NS 

I  X  S 

14 

209.26 

NS 

C  X  F 

16 

44.  67 

NS 

C  X  S 

56 

196. 94 

NS 

F  X  S 

56 

129. 32 

2.  48** 

I  X  C  X  F 

16 

43.  87 

NS 

I  X  C  X  3 

56 

234. 22 

8.41** 

I  X  F  X  S 

56 

52.  18 

1.  87* 

C  X  F  X  S 

224 

32.  22 

NS 

I  X  C  X  F  X  S 

224 

27.  84 

Significant  at  the  5%  level  of  confidence. 

Significant  at  the  1%  level  of  confidence. 

All  other  significart  terms  were  interactions  mvolving  subjects.  The 
means  for  the  five  different  experimental  conditions  are  presented  in 
Table  2.  The  effects  of  Conditions  were  further  broken  down  to  their 
individual  means  and  the  difference  between  the  means  of  the  five  con¬ 
ditions  were  tested  for  significance.  Only  the  difference  between  the 


TABLE  t 


Means  (in  db  TTS)  for  the  Five  Experimental  Conditions 

105dbSL  IZOdbSL  lOSdbSL  120  db  SL 
Control  (no  AR) _ Click _ Click _ Noise _ Noise 

13.47  4.41  1.37  4.20  2.25 


control  and  each  of  the  experimental  conditions  were  significant 
(P<.  01).  The  differences  observed  were  all  in  the  expected  direction, 
i.  e.  ,  there  was  mor  ’  TTS  in  the  control  condition  where  no  AR  pro¬ 
tection  was  present  than  in  any  of  the  other  four  conditions  where 
either  click  or  noise  stimuli  at  105  or  120  db  SL  were  presented. 

This  also  suggests  that  the  click  and  noise  AR  stimuli  did  not  differ 
significantly  in  the  protection  aifforded  in  this  experiment.  Another 
possibility  is  that  both  stimuli  are  effective  enough  to  give  almost 
complete  protection  and  that  possibly  the  only  way  to  differentiate  be¬ 
tween  the  two  would  be  to  pose  a  more  challenging  problem,  i.  e.  ,  pre¬ 
sent  much  more  stimulation.  A  third  possibility  is  that  the  trends 
(which  were  not  significant)  for  the  120  db  SL  stimulus  to  result  in 
smaller  TTS  thaui  the  105  db  SL  stimulus,  and  for  the  clicks  is  to 
give  more  protection  (result  in  smaller  TTS)  than  noise,  would  have 
been  significant  with  a  few  more  subjects.  It  is  also  possible  that  the 
earlier  differences  obtained  are  due  to  differential  adaptation  for  noise 
and  clicks  and  that  in  a  brief  interval  after  reflex  activation  the  effects 
of  the  two  are  the  same.  However,  the  question  cannot  now  be  resolved 
The  other  significant  terms  in  the  analysis  are  perhaps  of  interest  but 
not  of  any  real  import. 

IV.  DISCUSSION 


These  results  have  shown  that,  even  if  high  intensity  impulse 
noise  changes  the  mode  of  operation  of  the  ossicular  chain  (and  it  is  by 
no  means  certain  that  it  does),  the  acoustic  reflex  contraction  still  dis¬ 
plays  its  usual  protective  effect. 

Results  aiso  indicate  that,  even  though  past  research  (6)  has 
shown  that  click  rtimuli  are  more  effective  in  arousing  AR  action, 
they  do  not  necessarily  protect  persons  exposed  to  impulse  noise  sig- 
nificamtly  better  than  noise  stimuli.  However,  it  is  possible  that  the 
extreme  care  taken  to  avoid  incurring  permanent  threshold  shifts  in 


the  subjects  used  in  this  experiment  could  have  resulted  in  the  situation 
failing  to  provide  an  adequate  test  of  the  difference  in  protective  effects 
of  noise  and  click  AR  eliciting  stimuli. 

V.  REFERENCES 

1.  Fletcher,  John  L..  and  A.  J.  Riopelle.  Protective  effect 
of  acoustic  reflex  for  impulsive  noise.  J.  Acoust.  Soc. 

Amer.  401.  1960. 

2.  Ward,  W.  Oixon,  W.  Selters  and  A.  Glorig.  Exploratory 
studies  on  temporary  threshold  shift  from  impulses.  J. 
Acoust.  Soc.  Amer.  33;  781,  1961. 

3.  von  B^kisy,  Georg.  Experiments  in  Heading.  McGraw- 
Hill,  New  York,  I960,  745  pp. 

4.  Miller,  Aage.  Bilateral  contraction  of  the  tympanic 
muscles  in  man.  Report  No.  18,  The  Speech  Trans¬ 
mission  Lab,  The  Royal  Institute  of  Technology, 

Stockholm,  Sweden,  20  Feb  1961. 

5.  Ball,  Jay.  Instrumentation  for  a  study  of  temporary 
threshold  shifts  caused  by  high- intensity  acoustic 
transients.  Report  No.  785,  Bolt,  Beranek  and 
Newman,  Inc.,  Jan  1961. 

6.  Fletcher,  John  L.  and  M.  Loeb.  Contralateral  thresh¬ 
old  shift  and  reduction  in  temporary  threshold  shift  as 
indices  of  acoustic  reflex  action.  USAMRL  Report  No. 

490,  Ft.  Knox,  Ky. ,  Aug  1961. 


6 


DISTRIBUTION  LIST  OF  SAMRL  REPORTS 

Project  No.  6X95-25-001  Ps yc b o ph y s i oiogica i  Studies 

No.  of  .AGENCY  -  DEFENSE 

Copies 

10  Arsed  Services  Ttchnicai  In'oraation  Agency,  Arlington  Hail  Sta.  Arlington  12,  Virginia 

AGENCY  -  US  ARMY 

1  Aberoeen  Groving  Ground,  Uj  Arsy  Ordnance,  Husan  Engiasering  Laboratory,  Aberdeen  Proving 
Grounc,  Maryland,  Attn:  Dr.  J,  D.  Weiss,  Director 

1  Adjutont  General,  Oep<irteent  of  the  Arsy,  Wushington  2S,  D.  C.,  Attn:  ACTTL 

6  Arsy  Attache,  Box  79,  Fleet  Pest  Office,  New  Yorlt.  N.  Y.,  Attn:  Col.  John  C.  Cressler, 
Asst  Arsy  Attache  'Medical) 

1  Brooke  Arsy  Medical  Center,  US  Arsy  Surgical  Research  Unit.  Library,  Building  2653, 

Fort  Gas  Houston,  Texas 

1  Breoke  Arsy  Medical  Center,  Headquarters.  Arsy  Medical  Service  School.  Fnysiccl  Medicine 
Branch.  Fort  Sob  Hour  ton,  Texas,  Attn-  Captain  Rachel  Adas* 

1  Brooke  .Army  Meovoal  Ser  ic"  School,  PAiblioation  Branch.  Fort  Sas  Houston.  Texas, 

Attn:  Puhiioation  B:an,-.-i 

1  Brooke  General  Hospitai,  Medical  Library,  Box  151,  Fort  Sos  Houston:.  Texas,  Attn: 

Medical  Libroritm 

1  Brooke  General  Hospital,  Er.x)ke  Arr.y  Medical  Center,  Radioisotope  Clinic,  Fort  S~B 
Houston.  Texas 

'  Chief  Chesical  Officer,  Departsent  of  the  Arsy,  Washington  25,  D.  C.,  Attn:  DCOslO/SA 
1  Chief  of  Ordnance,  CRDTB  Washington  25.  D.  C.,  Attn:  Res  and  Spec  Proj  Section 

1  Chief  of  Research  and  Developaent,  Qiief  Husan  Factors  Reseorch  Division.  Arsy  Research 

Office,  .Rooa  3D- 442.  Tli#  Pentagon,  Departsent  of  the  Arsy.  Washington  25,  D.  C. 

1  Chief  of  FWseorcb,  and  Deveiopsent,  Chief,  Life  Sciences  Otvisioc,  Roos  30-442,  The 
Pentagon,  Washington  25,  D.  C, 

1  Chief  of  Research  and  Developswnt,  Arsy  Research  Office.  Washington  25.  D.  C., 

Attn:  Scientific  loforsation  Branch 

1  Cossandiag  General,  U5  Arsy  Alasin,  APO  949,  Seattle, Washington.  Attnt  Surgeon 

1  Cosnood rag  Geseial,  US  Arsy  Europe,  Medical  Laboratory,  Departsent  of  Microniology, 

APO  IsO.US  Forces,  New  York.  N.  Y. 

1  Cosnanding  Gessral.  US  Arsy  Europs,  Msdlcal  Division,  Plans  and  0|>statioas  Branch, 

APO  403.  New  York,  N.  Y.,  Attn:  Chief  Surgeon 

1  CosBsinding  General.  US  Army  Hasaii.  APO  957,  Sau  Francisco.  Ccilitornia,  Attn:  Surgeon 

1  CasBondrsg  General,  US  Arsy  Japan,  APO  343,  San  Francisco,  Chlifornia,  Attn;  Surgeon 

1  Cossanding  Geoerol.  US  Arsy  Ryukyu.  Islands  IX  Corps,  APO  331.  San  Francisco,  California, 

Attn:  ^rgeon 

1  Conn  and  mg  Goneral,  Elighth  US  Arny,  APO  301,  Son  Francisco,  California.  Attn;  Surgeon 

1  Cosscsrdrng  General,  '7th  Logistical  Connistd,  APO  612,  Son  Francisco,  California,  Attn: 
Surgeon 

1  Coasonding  Gsooral.  I  Corps  Croup.  APO  359.  San  Francisco.  California.  Attn;  &,rgson 
1  CnoofSider  m  Oiief.  US  Arsy  Picific,  APO  959,  Son  Francisea.  Oilifomia,  Attn:  Surgeon 
1  FitMioons  General  Hospital,  Medicnl  Technical  Library.  Osnsor  30.  Colorado 

1  Fitxsisoas  Ceasral  Houoitol.  IS  Aroy  Medical  Res<  arch  and  Nutrition  Laboratory,  Denver. 

30 .  Co i orodo 

1  Piaaliooy  ArseoaJ.  Dover,  New  Jersey,  Attn:  CM)6B-VS3 

2  Qiurterouster  Reseorch  and  fjogioeering.  Cotstanding  General.  Natick,  Kissoohusetts. 

Attn:  Technical  Library 

1  Quarterooster  Reseorch  osid  Engineoriog  Field  Evaluation  Agency.  Fort  Leo.  Virginia. 

Atts;  Technioai  Library 

1  Redstono  Arsonol,  CosM&der.  Rodstons  Aisenoi,  AlahaM.  Attn:  OnOOW-HI 


US  ARMY  •  CONTINUED 


No.  cf 
Copitfi; 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

3 


1 

1 

1 


Surqeon  CeueraJ ,  Department  of  the  Army.  Professional  Div.'slor.  Washington  25  C. 

Attn:  Psychiatry  and  Neurology  Consultant 

Valley  Forge  Array  Hospital.  Pheonixville.  Pennsylvania.  .Attn;  Medical  Lib-  .ry 
William  Beaumont  General  Hospital.  Medical  Library.  El  Faso.  Texas.  Attn:  Med-  Librarian 
'ig  Army  Air  Defense.  Human  Researcli  Unit.  Fort  Bliss.  Texas.  Attn:  Library 
^  ./  Armor  Human  Research  Unit.  :'iirector.  Fort  Knox.  Ky..  ottn:  Librarian 

US  Army  Armo.  .ifantry  Human  Re.search  Unit.  Director  of  Research,  Post  Office  Box  2086, 

F’ort  Benninq.  Georgia.  Attn:  Library 

US  Army  Chemical  Research  and  Development  Laboratories.  Technical  Library,  Building  330, 
Army  Chemical  Center.  Maryland.  Attn:  Librarian 

US  Army  Nledioal  Center.  Director  of  Medical  Research  ORDC,  Army  Qiemical  Center,  Maryland 

US  Army  Chemical  Corps.  Biological  laboratories.  Fort  Detrick,  Maryland.  Attn: 

Documents  Librarian 

US  Army  Dispensary.  Springfield  Armory.  Springfield.  Massachusetts 

US  Array  Engineer  Research  and  Development  Laboratories,  Fort  Belvoir.  Virginia,  Attn: 
Technical  Documents  Center 

US  Army  Environmental  Hygiene  Agency.  Commanding  Officer.  Army  Chemical  Center,  Maryland 
US  Army  Hospital.  Fort  Lee,  Virginia.  Attn:  Medical  Library 

US  Army  Liaison  Group,  Project  Michigan,  Willow  Run  Laboratories.  Ypsilanti,  Michigan, 

Attn:  Lt .  Col.  R.  S.  Tonnston,  Executive  Officer 

US  Army  .Medical  Command  Japan,  Medical  General  laboratory  (406)  APO  343,  San  Francisco, 
California.  Attn:  Colonel  Carl  F.  Tessmer.  MC,  Commanding 

US  Army  Leadership.  Human  Research  Unit,  Library.  Post  Office  Box  787.  Presidio  of 
Monterey.  California 

US  Army  Medical  Liaison  Branch.  Office  of  the  Chief  Surgeon,  Gorgas  Hospital,  Balboa 
Heights.  Canal  Zone 

US  Army  Medical  Research  and  Development  Command,  Commanding  General,  Main  Navy  Bldg., 
Washington  25,  D.  C. 

US  Army  Medical  Research  Unit,  Commanding  Officer,  Fbnama  Field.  Fort  Clayton,  Canal  Zone 

US  Army  Medical  Unit.  Comnanding  Officer,  Fort  Detrick,  Maryland 

US  Army  Medical  Research  Unit,  Institute  for  Medical  Research,  Kuala  Lumpur,  Malaya 

US  Army  Odnar'-  Arsenal.  Frankford,  Philadelphia  77,  Pennsylvania,  Attn:  CRDBA- 1734/65- 1 
Mr.  A.  Charles  Karr 

US  Army  Ordnance  Tank -Automot ive  Command.  Detroit  Arsenal,  Center  Line,  Michigan 

US  Array  Medical  Research  and  Development  Command,  Office  of  The  Surgeon  General,  Attn: 
MEDDH-HR 

US  Army  Standardization  Senior  Representative.  US  Army  Standardization  Group,  Canada 
c/o  US  Army  Attache.  US  Embassy,  Ottawa.  Ontario,  Canada,  Attn:  Col  Joseph  R.  Blair 

US  Army  Tropical  Research  Medical  Laboratory,  AF“0  851,  New  York,  fj.  Y. 

US  Army  Research  Office,  OCRD,  Department  of  the  Army.  Washington  25.  D.  C. ,  Attn: 
Scientific  Info.  Branch 

US  Atomic  Eiierqy  Commission,  Division  of  Biology  and  Medicine,  Washington  25,  D.  C. 

Attn:  Robert  L-Corshie  _ 

Walter  Reed  Army  Institute  of  Research,  Walter  Reed  Array  Medical  Center,  Director. 
Washington  12,  D.  C. 

Walter  Reed  Army  Institute  of  Research,  Division  of  Neuropsychiatry.  Office  of  the  Dir., 
Washington  12,  iJ.  C. 

Walter  Reed  Army  Hospital.  Army  Audiology  and  Speech  Center,  Forest  Glen  Section, 

Washington  12.  D.  C. 

Walter  Reed  Army  Medical  Center,  Commanding  Officer,  US  Army  Prosthetics  Research 
Laboratory,  Washington  12,  D.  C. 

Walter  Reed  Army  Medicxil  Center,  US  Array  Medical  Service.  Historical  Unit.  Washington  12, 

D.  C.,  Attn:  Mrs,  Esther  E.  Rohlader.  Asst  Oiief.  General  Reference  and  Research  Br 
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ACENCY  •  US  NAVY 

No.  of 
Copies 

"  &reau  of  Medicine  and  Surgery,  Director,  Research  Division,  Department  of  the  Navy, 
Washington  2  5,  D.  C. 

2  Bureau  of  N<3vai  Weapons  (DLI-  31)  Department  of  the  Navy,  Washington  25,  D.  C. 


1  Bureau  of  Naval  Weapons  (RAAE-13),  Department  of  the  Navy,  Washington  25,  D,  C.,  Attn: 

Cdpt .  Walton  L.  Jones,  (MC)  U^ 

2  Bureau  of  Yards  and  Docks,  Department  of  the  Navy',  Washington  25,  D,  C,,  Attn:  Code 

D-440 

1  Chief  of  Naval  Air  Technical  Training,  US  Naval  Air  Station,  Memphis  75,  Tennessee, 

Attn:  Staff  Medical  Officer 

1  Naval  Air  Crev  Equipment  Lobora'ory,  Naval  Air  Material  Center,  Philadelphia  12,  fti, 

1  Naval  Air  Reserve  Training,  Staff  Medical  Officer,  US  Naval  Air  Station,  Glenview,  Ill. 

1  Naval  Medical  Research  Institute,  Technical  Reference  Library,  National  Naval  Medical 

Center,  Bethesda  14,  Maryland 

1  Naval  Medical  Research  Laboratory,  Box  100,  Naval  Submarine  Base,  New  London,  Conn. 

1  Office  of  Naval  Research,  (Code  454)  Department  of  the  Navy,  Washington  25,  0.  C. 

1  Office  of  Naval  Research  (Code  408)  Department  of  .Navy.  Special  Assistant  for  Medical 
and  Allied  Sciences,  Washington  25,  D.  C. 

10  Office  of  Naval  Research  Branch  Office.  Navy  100,  Box  39.  Fleet  Post  Office,  New  York, 
New  Yoik,  Attn:  Victoria  S.  Greswold ,  Head,  Administrative  and  Tech  Service  Branch 

1  US  Naval  Air  Development  Center,  Aeronautical  Instrument  Laboratory,  Johnsville,  Fb. 
Attn:  Simulation  Branch 

1  US  Naval  Air  Development  Center,  Aviaticxi  Medical  Acceleration  Laboratory,  Jolintville, 
Pennsylvania,  Attn;  Library 

1  US  Naval  Civil  Engineering  laboratory.  Port  Hueneme,  California,  Attn:  Cc  .e  313 

1  US  Naval  Medical  Neuropsychiatric  Research  Unit.  San  Diego  52,  California 

2  US  Naval  Missile  Center,  Fbint  Mugu,  California,  Attn:  Technical  Library 

1  US  Naval  Medical  School,  National  Naval  Medical  Center.  Ccxmanding  Officer,  Bethesda  14, 

Maryland 

1  US  Naval  Ordnance  Test  Station.  The  Medical  Officer  (Code  88),  Station  Hospital.  China 
Lake,  California 

1  US  Naval  Radiological  Defense  Laboratory,  Commanding  Officer  and  Director  (222),  San 
Francisco  24,  California 

1  US  Naval  Research  Laboratory,  Code  2027,  Washington  2  5,  D.  C. 

1  US  Naval  School  of  Aviation  Medicine,  Aviation  Psychology  laboratory,  US  Naval  Aviation 

Medical  Center* 54,  Pensacola,  Florida 

2  US  Naval  School  of  Aviation  Medicine,  Director  of  Research,  US  Naval  Aviation  Center  54, 

Pensacola,  Florida 

2  US  Naval  Training  Device  Center.  Hunan  Engineering  Department,  Ode  34,  Port  Washington, 

New  Yorlt 

1  US  Naval  Weapons  Plant,  Experimental  Diving  Unit,  Washington  25  D.  C. 

AGENCY  •  AIR  FORCE 

I  Air  Force  Flight  Test  Center,  Human  Factors  Branch  (FTFQl)  Edwards  Air  Force  Base, 
California,  Attn;  Chief,  of  Human  Factors 

AIR  RESEARCH  AND  DEVEIXIPMOIT  COMMAND 

1  Air  Research  and  Development  Command,  US  Air  Force,  (RDGBL)  Andrews  Air  Force  Bose, 
Washington  25,  D.  C, 

1  Air  Research  and  Development  Command,  Office  of  Scientific  Research,  Behavioral  Sciences 
Division,  Washington  2  5,  D.  C. 

5  Air  Research  and  Development  Command,  Operations  Office,  Laurence  G.  Hanscom  Field. 
Bedford,  Massachusetts,  Attn:  CXRHA 

3  Air  Research  and  Development  Com.'a-.xl.  Operational  Applications  Office,  (OdRH) , 

Laurence  G.  Hanscom  Field,  Bedford,  Massachusetts 

1  Air  Research  and  Development  Command,  Wright  Air  Development  Center,  US  Air  Force, 
Wrigltt* Fhtterson  Air  Force  Base.  Cliio,  Attn;  D.  G.  Pitts,  Vision 


No.  of 
Copies 


AIM  FCRCE  •  CONTINUED 


AIR  RESMRCH  AND  DEVELOPMENT  COMMAND  CCNTINUED 


1  Wright  Air  Research  and  Development  Cocmiand.  (WWRDAS  Aerospace  Medical  Library)  WADD 
Wright-Patterson  Air  Force  Base.  Ohio 

1  Wright  Air  Development  Division.  US  Air  Force,  Aerospace  Medical  Division,  Wright- 
Patterson  Air  Force  Base,  Ohio,  Attn:  WWRDAS,  Lt  Col.  Stanley  L.  Plecha 

1  Wright  Air  Development  Division,  Wright-Fttterson  Air  Force  Base  Ohio,  Attn;  'iVWRDMA 

2  Air  Training  Command,  Office  of  Ihe  Surgeon  General -P,  Randolph  Air  Force  Base,  Texas 

1  Arctic  Aeromedical  Laboratory,  APO  731,  Seattle,  Washington,  Attn:  Library 

1  Assistant  for  Ground  Safety,  DCS/P.  US  Air  Force,  Washington  25.  D.  C. 

1  Ent  Air  Force  Base,  Command  Surgeon,  US  Army  Air  Defense  Command,  Colorado,  Springs, 
Colorado,  Attn;  Colonel  S.  J.  Newsom,  MC 

1  Eiit  Axr  Force  Bose,  Commander  Air  Development  Center,  OAO,  Human  Factors,  Box  15, 

Colcrado  Springs,  Colorado 

1  Human  Factors  Division,  Director  of  Research  and  Technology,  US  Air  Force,  Washington 
25,  D.  C.,  Attn;  Chief,  Human  Factors  Division 

3  Langley  Research  Center,  National  Aeronautics  and  Space  Administration,  Langley  Field, 

Virginia,  Attn:  Librarian 

1  Rome  Air  Development  Center,  Air  Research  and  Development  Command,  US  Air  Force,  Griffiss, 

Air  Force  Base,  New  York 

2  US  Air  Force  Aerospace  Medical  Center.  SAM.  (SAWISCH- PI  Brooks  Air  Force  Base,  Texas 

1  US  Air  Force  Hospital,  US  Air  Force  Aerospace  Medical  Center  (ATC)  ,  lackland  Air  Force 

Base,  Texas,  Attn:  Medical  Librarian 

I  US  Air  Force,  Strategic  Air  Command,  (SUP3) .  Offutt  Air  Force  Bose,  Nebraska 


GOVERNMENTAL  •  AGENCIES 

1  Argonne  National  Laboratory.  9700  South  Cass  Avenue,  Argonne,  Illinois,  Attn:  Hoylande 
0.  Ycxing 

1  Central  Intelligence  Agency,  2430  E.  Street,  N.W..  Washington,  D.  C.,  Attn;  1331,  HSS  Bldg. 

1  Civil  Aeromedical  Research  Institute,  Federal  Aviation  Agency,  Post  Office  Box  1082, 

Oklahoma  City,  Cklahona 

1  Library  of  Congress,  Science  and  Technology  Division,  Washington  25,  D.  C.,  Attn;  Dr. 

A.  J.  Jacobius 

1  National  Institute  of  Health,  Library,  Building  10,  Room  3N118,  Betbesda  14,  Maryland, 

Attn;  Aocpiisitioos  Section 

1  National  Library  of  Medicine,  7th  Street  &  Independence  Ave,  S,W.,  Washington  25,  D.  C. 

1  National  Institutes  of  Health.  Division  of  Research  Grants,  Informatico  Office,  Bethesda 
14,  Maryland 

1  Prosthetic  and  Sensory  Aids  Service,  Chief.  Research  and  Development  Division,  Vetercms 
Administration,  252  7th  Ave..  Now  York  1.  New  York,  Attn;  Eugene  F.  Murphy,  Ph.D. 

OTHEB  AGENCIES 

1  Arctic  Health  Research  Center.  Library,  Post  Office  Bax  980.  Anchorage,  Alaska 

1  Bell  Telephone  Laboratories,  Murray  Hill.  New  Jersey,  Attn:  Max  S.  Schoeffler 

1  Boeing  Airplane  Company,  Central  Medicxal  Library,  Box  11-40,  Post  Offic:e  Box  3707, 

Seattle,  Washington 

1  Boeitig  Airplane  Company,  Chief,  Spxicae  Medicine  Section,  Aero-Space  Divisicjn,  Seattle  24. 
Washington,  Attn:  Dr.  Romney  H.  Lawry,  (Box  19-29) 

1  Boeing  Airplcane  Compxiny,  Library.  Wichita  Divisioo,  Wichita  1,  Kansos 

1  Chrysler  Corporation,  Box  1118,  Engineering  Research  Department  921,  Detroit  31,  Michigon, 
Attn;  John  Versace,  Engr.  Psychologist 

1  Electric  Boat  Division,  General  Dynamice  Corp.,  Human  Factors  Section,  Groton,  Ccann 

1  Ford  Motor  Company,  Technical  Information  Section,  Scientific  Laboratory,  Post  Office 
Box  2053,  Dearborn.  Michigan 

1  Geiaerai  Electric  Company,  Technical  Military  Plcaaining  Operation,  Library,  735  State 
Street,  Santa  Barbara,  California 
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OTHER  AGENCIES  •  CONTINUED 


No.  of 
Cop lea 

1  General  Electric  Conpany,  .Vlvanced  Electronics  Center,  at  Cornell  University,  Ithaca, 

New  York 

1  IBM  Research  Center,  Biophysics  Group,  Box  218,  Yorktovn  Heights,  New  York.  Attn:  Or. 

W.  fl.  "ttal 

1  ITT  Lohoratories,  Hunan  Factors  Division,  390  Washington  Avenue,  Nutley  ,10,  New  Jersey, 
Attn:  Richard  G  Lazar,  Hunan  Factors  Analyst 

1  John  Creror  Library.  86  East  Randolph  Street,  Chicago  1,  Illincu 

1  Miyo  Clinic,  Section  of  Biophysics,  Rochester,  Minnesota,  Attn:  Dr.  Kenneth  N.  Ogle 

1  Mercy  Hospital,  Anesthesia  Research  Laboratory,  Locust  and  Pride  Streets.  Pittsburgh  13, 
Pennsylvania 

1  Motorola  Incorporated,  Systens  Research  Laboratory,  9330  Indiana  Avenue.  Riverside, 

California,  Attn:  R.  E.  Freese,  Tech  Info  Supervisor 

7  National  Aeronautics  and  Space  Adninistration,  1520  H  Street,  N.  V  ,  Washington  25,  D.  C., 
Attn:  P'rtroB  A.  Muicahy.  Asst  Director  for  Technical  Infomation 

2  Rheen  Califone  Corporation,  1020  North  La  Brea.  Los  Angeles  38,  California,  Attn:  Mr. 

W.  R.  Deutsch,  Head,  Research  and  Developnent 
1  Space  Technology  Laboratory,  Subconaittee  on  Noise,  327  South  Alvarado  Street,  Lois 
Angeles  S7 ,  California 

X  Systems  Research  C!enter,  Lockheed  Electronics  Company.  Bedminstsr.  New  Jersey,  Attn: 

R.  E.  Wever,  Box  37 

1  Yerkes  Laboratories  of  (Vimats  Biology.  Incorporated,  Orarge  I^rk.  Florida 
MEDICAL  COLLEGE/SCHOOL  LIBRARIES  AND  DEPARTMENTS 

1  Albany  Medical  Collage  Library,  New  Scotland  Avenue,  Albany  8,  Nee  York 
1  Antioch  College,  Engineering  F^ychology  Research  Project,  Yel low  Springs.  Chio 
1  Bosnan  Gray  School  of  Medicine  Library,  Winston-Salem,  North  Carolina 

1  Brown  University,  Department  of  I^ycdiology,  Providence  12,  Rhode  Island,  Attn:  Prof. 

L.  A.  Riggs 

1  Brown  University,  Department  of  Psychology,  Providence  12,  Rhode  Island.  Attn:  Prof. 
Harold  Schlosberg,  Consultant 

1  College  of  Medical  Evangelists,  White  Memorial  Msdical  Librory,  1720  Brooklyn  Avenue, 

Los  Angeles  33,  Californio 

1  College  of  Msdiool  Evangelists,  Vernier  Rodcliffe  Memorial  Library,  Loma  Linna,  California 

1  College  of  Physicians  of  Philadelphia.  Library,  19  South  22Dd  Street,  Philadelphia,  3, 
Pennsylvania 

1  Columbia  University.  Department  of  Psychology.  New  York  27,  New  York,  Attn:  Dr.  C.  H. 
Graham 

1  Columbia  University  Msdicol  Library,  630  West  168tb  Street.  New  York  32,  Nee  York 
1  Cornell  University  Medicol  College  Library.  1300  York  Avenue,  Nse  York  21,  New  York 
1  Creighton  University.  Medical -Pharmacy  Library,  1401  Davenport,  CMoba  2.  Nebraska 
1  Emory  University.  Department  of  Psychology,  Atlanto  22,  Georgia,  Attn;  Dr.  E.  A.  Alluisi 

1  Florida  State  University.  Department  of  [%ycfaclogy.  Tallahassee,  Florida.  Attn:  Dr 
W.  W.  Dowson 

1  Fordham  University,  Fordbam  Road.  Nee  York  58.  Nee  York,  Attn:  R.  T.  Zegers.  Sr, 

2  George  Washington  University,  Human  Resources  Rseearch  Office.  P.  0.  Bom  3596, 

Washington  7,  D.  C.,  Attn:  Library 

1  Harvard  School  of  (Aiblic  Health.  1  Sbattuck  Street,  Boston  15.  Hissaehasetts.  Attn:  Dr. 
Albert  Uamoa 

1  Harvard  Medical  Library,  25  Sbattuck  Street,  Boston  15,  Massachusettm,  Attn;  Library 

1  Indiana  University,  Department  of  P’sycuology.  Bloomington,  Indiana,  Attn:  Prof.  11.  C. 
Davis 

1  Indiana  University  Medical  Center,  School  of  Medicine  Library,  IICD  West  Michigan  Street, 
Indianapolis  7,  Indiana 

1  Indiana  University  Medical  Center.  1199  West  Michigan  Street,  Indianapol is  7 ,  Indiana, 
Attn:  IV,  Harris  B  Shunackv>'  Jr,,  Prof,  of  Surgery 


MEDICAL  COLLEGE/SCHOOL  LIBRARIES  AND  DEPARTMENTS 


No.  of 
Copies 

1  Indiana  University.  Anatomy -Physiology  Department,  Bloomington,  Indiana,  Attn:  Dr  Sid 
Robinson 

1  Jefferson  Medical  College  Library,  1025  Walnut  Street,  Philadelphia  7,  Pennsylvania 

I  John  Hopkins  University,  Welch  Medical  Library,  1300  E.  Monument  Street,  Baltimore  5, 
Maryland 

1  Kansas  State  University,  Psychology  Division,  Manhattan,  Kansas,  Attn:  Dr.  William 
Bevan 

1  Marquette  University,  Medical -Dental  Library,  SBO  North  IGth  Street,  Milwaukee,  Wiscousin 
1  Medical  College  of  Virginia,  Tompkins-McCaw  Library,  Richmond  19,  Virginia 

1  New  York  University,  College  of  Engineering  Research  Division,  252  7th  Avenue,  New  York 

New  York, 

1  New  York  Academy  cf  Medicine  Library,  2  East  103rd  Street,  New  York  29,  New  York 
1  New  York  University  Medical  Center,  Medical  Library,  5  50  First  Avenue,  New  York  16,  N.  Y. 

1  Northwestern  University,  Department  of  Psychology,  Evanston,  Illinois,  Attn:  William  A. 

Hunt 

1  Northwestern  University  Medical  School,  Archibald  Ch.Tch  Library,  303  E  Chicago  Avenue, 
Chicago  11,  Illinois 

1  Ohio  State  University  Research  Center,  Director,  Aviation  Psychology  laboratory,  1314 
Kennear  Road,  Columbus  12,  Ohio 

1  Ohio  State  University  Research  Center,  Psycholinguistics  Laboratory,  1314  Kennear  Road, 
Columbus  12,  Ohio 

1  Ohio  State  University,  Topaz  Library.  School  of  Optometry,  338  West  10th  Avenue,  ColusSua 
10,  Ohio 

1  Ohio  State  University,  School  of  Optometry,  Columbus  10,  Ohio,  Attn:  Glenn  A.  Fry,  Dir. 

1  Rush  Medical  College  Library,  1758  West  Harrison  Street,  Chicago  12,  Illinois,  Attn: 

librarian 

1  Stanford  University,  Lane  Medical  Library,  300  Pasteur  Road,  Palo  Alto,  California 

1  Stanford  University,  Department  of  Physiology,  Stanford,  California.  Attn:  J.  M. 

Crismoi.,  M.D. 

1  State  University  of  Iowa,  College  of  Medicine  Library,  Medioml  Laboratories  Building, 

Towa  City,  Iowa 

1  State  University  of  New  York,  Downstate  Medical  Center,  Department  of  Anesthesiology, 

450  Clarkson  Avenue,  Brooklyn  3,  New  York 

1  State  University  of  New  York,  Downstate  Medical  Center,  Medical  Library,  450  Clarluon 
Avenue.  Brooklyn  3,  New  York 

1  Texas  Medical  Center  Library,  Jesse  H  Jones  Library  Building,  Houston  2$,  Texas 

2  Tufts  University  Institute  for  Applied  Experimental  Psychology  ,  Medford,  Massachusetts 

1  Tulane  University,  School  of  Medicine.  1430  liilone  Avenue,  New  Orleans  12,  Louisiana, 

Attn:  G.  E.  Burch,  M.D.,  Professor  of  Medicine 
1  West  Virginia  University,  Medical  Center  Library,  Morgantown,  West  Virginia 
1  University  of  Alabama,  Medical  Center  Library, 1919  Seventh  Avenue  South,  Biimingbaa  3, 
Alabama 

1  University  of  Arkansas.  Medical  Canter  Library,  4301  "est  ttitkham.  Little  Rock,  Arkansas 

1  University  of  Buffalo,  Department  of  Psychology,  Buffalo  14,  New  York 

1  University  of  Buffalo,  Health  Sciences  Library,  Copen  Hall  141,  Biffalo  14,  New  York, 

Attn:  librarian 

1  University  of  California,  Medical  Center,  Biomedical  Library,  Los  Angeles  24,  California 

1  University  of  Oiicago,  Laboratory  of  Physiological  Psychology,  Faculty  Exchange  Box  184, 

Chicago  37,  Illinois.  Attn:  W.  D.  Neff 

1  University  of  Illinois  Airport,  Aviation  Psychology  Laboratory,  Savoy,  Illinois 

1  University  of  Illinois,  Department  of  Psychology,  Urbana,  Illinois,  Attn:  W.  E.  Koppouf 

L  University  of  Illinois,  Department  of  Psychology,  Training  Research  Laboratory,  45  Lincoln 

Hall,  Urbana,  Illinois,  Attn:  Professor  Lawrence  M  Stolurow,  Phi). 

1  University  of  Illinois,  Documents  Division,  Urbana,  Illinois 

1  University  of  Illinoii  ,  Speech  Hearing  Clinics,  601  E.  John  Street,  Champaign,  Illinoim, 

Attn:  John  J  O'Neill 

1  University  of  Kansas,  Medical  Center,  deadening  Medical  Library.  Kansas  City,  Kansas 

3  University  of  Louisville,  School  of  Medicine  Library,  101  W.  Qiestnut.St,  Louisville,  Ky. 


No.  of  MEDICAL  CCXLECE/SOTOOL  LIBRARIES  AND  DEPAHTODfTS 

Copies 

1  University  of  Miami,  School  of  Medicine,  Department  of  Ophthalmology,  Miami  36,  Florida 

1  University  of  MichiMn,  4506  Kresge  Medical  Research  Building,  Ann  Arhor,  Michigan, 

Attn:  Dr.  Merle  Lawrence 

1  University  of  Michigan,  Serials  and  Documents  Section,  General  Library,  Ann  Arbor, 
Michigan 

1  University  of  Minnesota  Library,  Serials  Division,  Minneapolis  14,  Minnesota 

1  University  of  Nebra.  Wa,  Colleoe  of  Medicine  Library,  42nd  end  Dewey  Avenue,  Ctanha, 

Nebraska,  Attn:  Librarian 

I  University  of  North  Carolina,  Division  of  Health  Affairs  Library,  North  Carolina 
Memorial  Hospital,  Chapel  Hill,  North  Carolina 

1  University  of  North  Carolina,  Department  of  Medicine,  Chapel  H'M,  North  Carolina, 

Attn:  Dr.  Richard  L.  Dobson 

1  University  of  North  Carolina,  School  of  Medicine,  Department  of  Physiology,  Chapel  Hill. 
North  Carolina 

1  University  of  Oklahoma,  Medical  Cecter  Library,  601  N.  E.  13th  Street,  Oklahoma  City  4, 
Cklahoaa 

1  University  of  Oregon,  Medical  School  Library,  Portland  1,  Oregon,  '‘ttn:  Librarian 

1  University  of  Pittsburgh,  Falk  Library  of  the  Health  Professions,  Pittsburgh  13,  Pa 

1  University  of  Pittsburgh,  Graduate  School  of  Public  Health,  Pittsburgh  13.  Fti 

1  University  of  Rochester,  Department  of  Psychology,  Rochester  20,  New  York,  Attn:  Dr. 

S.  D.  S.  Spragg 

2  University  of  Tennessee,  College  of  Medicine.  Cliuical  Physiology  ■  Institute  of 

dim  ral  Investigations,  62  &>uth  Dunlap,  Itemphis  3.  Tennessee 

1  University  of  Tennessee,  Medical  Units,  Mooney  Memorial  Library.  62  South  Dunlap, 

Memphis  3,  Tennessee 

1  University  of  Utah,  Medical  Library,  Salt  Lake  City,  12,  Utah 
1  University  of  Vermont,  College  of  Medicine  library,  Burlington.  Vermont 
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